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ABSTRACT 


In March of 1977 the Jet Propulsion Laboratory began to provide staff 
support to the ERDA coal feeder develop.aent program. An initial task in that 
support effort was the evaluation of the coal feeders under development by 
ERDA. The objective of the evaluation was to recommend to ERDA those coal 
feed systems which should continue to receive development support as the pro- 
gram progressed into the pilot-scale phase, and to recommend the development 
actions to be undertaken for the selected feeders. The evaluation was based 
upon criteria such as technical feasibility, performance (i.e. ability to 
meet process requirements), projected life cycle costs and projected develop- 
ment cost. An evaluation methodology was developed which incorporated the 
evaluation criteria. Using this methodology, an initial set of feeders were 
selected based on the feeders* cost savings potential compared with baseline 
lockhopper systems. Additional feeders were considered for selection based 
on: 1) increasing the probability of successful feeder development, 2) appli 

cation to specific processes and 3) technical merit- This paper presents the 
results of the evaluation, lists the feeders recommended for continued devel- 
opment and outlines a coa] feeder development program. 
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In response to the need for improved coal feeders, ERDA has sponsored 
a program of coal feed system development. Included in the program are 
feeder developments by three contractors: Foster-Miller Associates (FMA) , 

Ingersoll-Rand Research, Inc . (IRR) , and LocRheed Missiles and Space Company 
(LMSC). These contractors identified approximately a dozen feed system con- 
cepts which promised improved performance and reduced cost when compared 
with existing lockhopper and 3lurry pump coal feeders. Critical components 
and subsystems of these concepts are now being evaluated and tested by the 
contractors in preparation for a pilot-scale system demonstration effort 
which will begin about October 1977. 

The objective of the JPL coal feed 'system evaluation is to recommend to 
ERDA those feed systems which should receive continued development support as 
the program proceeds into the pilot-scale phase and to identify those devel- 
opment actions which should be uadcrtalon for each of the selected feeders. 

The coal feed systems considered in the evaluation are listed in Table 1 
which includes the development contractor; a brief description of the 
feeders, their characteristics and development status. 

EVALUATION APPROACH 

The criteria for the evaluation included: 

• Technical feasibility 

• Performance, i.e., ability to meet process requirements 

• Projected life cycle costs 

• Projected development risk and costs 
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Table 1. Coal Faad Syateaa 




/ ; 


SyatcM 


• Positive 
OisplAceaent 


• Centrifugal 
Feeder 


e Linear Pocket 
Feeder 


• Screw Feeder 


• Single Acting 
Piston Feeder 


Potary Valve 
Piston Feeder 


• Kinetic 
Extruder 
Feeder 


0 Standpipe^ 
Ball 

Conveyor 

Feeder 


Developer 


Foster-Kilier 


Foster-Miller 


Foster-Miller 


Ingersol-Rand 


Ingersol-Rand 


Ingersol-Rand 


Lockheed 


Lockheed 


Scheaatic Drawing 





fzA’l. 




'»\«k VW VV 






Description 


Cycled cavity pistcMi 
.luldlzed coal 
feeder 


Rotating centrifugal 
fluidized coal pimp 


Tubular conveyor with 
coal conveyed to high 
pressure by a chain 
or interconnected 
pistons 


Type of auger which 
conveys coal axially 
down its length as 
the screw is rotated 


Two coaxial delivery 
pistons operate in a 
cotnnon cylinder 
housing 


Coal is tranfsferrea 
to high pressure by 
a postnn sleeve 
rotation 


Rotating centrifugal 
fluidized coal pimp 


Standpipe filled with 
metal balls wlilch 
conveys coal in the 
spaces between the 
balls 


Pressure 

Limitations 


1500 pal 


1500 psl 


1500 psl 


1500 psi 


1500 psl 


iSOO psl 


1000 psi 
(single 
stage) 

1500 psi 
(two stages) 


300 psl 


4 
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original PAOy 

Table 1. Coal Feed Syataaa 

OP POOR OOAUTV I ^ 

(Continuation 1} 

A 


Syaten 

..:oal Type, 

Size aiul Preparation 
Requirenents 

Development Sta'-us 

Development Uncertainties 

• PoaiCiv« 
Dtsplacea«nt 

• Any type 

e Size - fine/«edlu« 

Prototype in teat 

• Purging gas requirements may become large 
in large factors 

• Valve sequencing and sizing 

9 Materials selection for seals and valve 
seats 

• Centrifugal 
Feeder 

e Any type 
e Size - fine 

Prototype in teat 

9 Pressure sealing dependent on coal 
properties 

9 Sprue design uncertain 
• Feed throttling for control or throughput 
9 Rotating seals 

• Linear 
Pocket 
Feeder 

• Any type 

a Size - medium/ 
coarse 

Prototype being 
assembled 

• Incomplete filling generates back leakage 
and may limit pressure capability 

• (kis/liquid interface in water section 
9 Wear and survival of rings snd chain 

9 Screw Feeder 

• Bituminous- 
agglomerating 
(for heated 
screw) 

e Size - up to 1’* 

9 Drying to 3-4% 
SK>isture 

Prototype/pllot 
slave in test 

e Possibly large power requirements 

• High pressure crusher to reduce extrudate 
to required size 

• Scale up of feeder with respect to heat 
input to coal 

• Screw/barrel wear 

• Operating parameters to provide throughput 
with minianaa po%wr 

• Single Acting 
Piston Feeder 

e Any type 

• Size - fine to 
coarse 

Concept only 

• Sealing and material wear 

• Purging coal from cavity 

• Coal jamming or piston/sleeve Interface 
during loading and unloading 

9 Rotary Valve 
Piston Feeder 

• Any type 

9 Size - fine to 
coarse 

(incept only 

• Same as single acting piston feeder 

• Kinetic 
Extruder 
Feeder 

9 Any type 
9 Size - fine 

Prototype in test 

• Saam aa centrifugal feeder 

• Standpipe- 

Ball 

Conveyor 

Feeder 

• Any type 

• Size - fine to 

coarse 

Bench tests 

e (k>ntroi of ball spacing and feeding 
mechanism 

e Purging gas out of feed line 
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Tablu 1« Co«l F««d Syitwi 
(Coaclnuatlon 2) 


8ytC«« 

Oeveloper 

• Fluid OyiMMic 

Lockheed 

# 

• Cu^SoUds 
Injector, 
Feeder 

Lockheed 


Sch«MClc Dr«wla| 



Deter Ipcion 

Freseur* 

Lialcetioae 

Retetiat bledeleee 
turbine 

2il pree* 
sure ratio 
per stale 

Gee-eolide iajector 
ptt»P 

2tl pres- 
sure ratio 
per stage 


original page 
OF POOR QOA-LlTY 


Table 1. Coal Feed Systeos 
(Continuation 3) 


Syscea 

Coal Type, 

Slxe and Preparation 
Requirsaents 

Developacnt Status 

Developaent Uncertainties 

# Fluid Dynaaic 
Lock Feeder 

e Any type 
e Sise - find 

Prototype tests 

0 Parasitic skin drag on disk requires high 
power 

e Rotatii^ face end bearing seals 
e Coal flow through aachifat 
e Wear on bearings, seals, disks 

e (^as-Solids 
Injector, 
Feeder 

e Any type 

e Sise - fine/ 
aediua 

Prototype tests 

e Wear in noxslc throat 
e Coapressor seals and bearings 
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Factors contributing to «ach faadars* ralative capabilities In the above 
categories la shown In the methodology flow diagram given In Figure 1. The 
approach illustrated Included the follw/lng steps: 

(1) Analy4.e the technical feasibility of each feed system. 

(2) Compare feeder performance capability vs feed system 
requirements . 

(3) Determine feed system applicability to expected coal conversion 
processes . 

(4) Evaluate expected feed system costs relative to baseline lock- 
hopper system. 

(5) Select feed systems for future development which, from the cost 
analysis, show the best chance of achieving low cost and wide 
application to future processes, for specified R&O cost 
limitations. 

(6) Consider recommending an expanded set of feeders as a means of 
increasing the probability of feed system commercialization. 

(7) Examine specific applications as a reason for continuing develop- 
n»nt of a concept which was not otherwise selected. 

(8) Review the feed systems selected on the basis of the cost 
analysis and modify this set based on the technical assessment. 

DATA ACQUISITION 

Data to accomplish the evaluation was obtained from the three feeder 



contractors and additional subcontractors as listed in Table 2. 
were analyzed by JPL for use in the evaluation. 



All data 
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Figure 1. (kt»l Feed Syetem Evelueclon Methodology 
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FEED SYSTEM REQUIREHEMTS 

As a foundation for the coal feed systems development program, per- 
formance goals were established for the feed systems based upon the require- 
mmts of future coal conversion processes. The feed system requireisents are 


the folloiring: 


pressure - 150 to 1500 psi 

coal sise - fines to coarse (2 inches) 

- the feeder should not affect coal size consist or 
properties, but should deliver coal as required to 
the process 

continuous flow should be provided 
coal metering capabilities are required 
lifetime - 20 years 


The above requirements were developed by analysis of the conversion 
processes which were anticipated to achieve future coamercialization. Fur- 
ther review of these processes enables classification cf them into generic 
types based on their operating pressure and feed size consist. 

The coal size and delivery pressure capabilities of the feed systems 
were matched against the generic requirements of the processes to establish 
the compatibility of the candidate feeders and the various conversion pro- 
cesses. Generic process conditions were determined by analysis of processes 
characteristics and are shown in Table 3. Application of the candidate 
feeders to the generic process conditions is shown in Table 4. 


DEVELOPMENT UNCERTAINTY RANKING AMD RELIABILITY 

The development status and development problem areas have been used 
to estimate the conmerciallzatlon potential for each feeder. The following 
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DATA 

SOURCE 

TECHNICAL ASSESSMENT 


• TECHNICAL DESCMPTIONS 

CONTRAaORS 

• STATE OF DEVELOPMENT 

CONTRACTORS 

• DEVEIOFMENT PROBLEM AKEAS 

CONTRAaORS 

• RELIABILITY 

KAMAN SCIENaS 

PROJECTED PERFORMANCE 


• PRESSURE 

CONTRAaORS 

• COAL TYPE & SIZE UMITATIONS 

CONTRAaORS 

• EFFEaOFFSDERONCOAL 

CONTRAaORS 

PROaSS APPUCABIUTY 

JPL 

PROCESS IMPACT 

INTERNATIONAL SOENCE AND 
TECHNOLOGY 

PROJECTED COSTS 

CONTRAaORS, ICARUS^^) 

• INSTALLED 

• OPERAHNG 

CONTRAaORS, JPL 

• MAINTENANa 

CONTRAaORS, JPL<2) 

• DEVEtOPMENT 

JPL 

PROBABIUTY OF SUCCESSFUL DEVELOPMENT 

JPL 

(1) IN AU CASES DATA WAS ASSESSED BY JPL 

C2) REUABIUTY DATA FROM KAMAN SCIENCES WAS USED TO 

DETERMINE STANDBY EQUIPMENT, SPARES, DOWNTIME, ETC. 


Table 2. Data Sources 
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Table 3. Process Classification 



Sise 

Pressure 


Process 

Lump 

Pulver- 

ized 

atm. 

— 

150 

500 

1000 

1500 

Remarks 

HYGAS 


X 





■ 


Lurgl 

X 




X 




Woodall-Duckhaa 

X 


X 






COGAS 


X 

X 






Texaco 


X 



X 




0-GAS 


X 



X 




AFBC 


X 

X 






SSC 


X 




X 


Slurry feed 

H-Coal 


X 






2250-2700 psi. 
slurry feed 

Exxon Donner 
Solvent 


X 






2000 psi, 
slurry feed 

BIGAS 


X 





X 

Slurry feed 

Synthane 


X 




X 

1 


Hcdowell- 

USllman 

X 




X 



1 

1 

Agglomeration 

Burner 


X 


X 



[ 

t 

CO2 Acceptor 

1 

1 

X 


X 





Synthoil 


X 






I 

2-4000 psl. 
Slurry feed 

A1 Holten Salt 


X 


X 






I : — T~ r 


3 : 












V " t 


Pulverized 


atB 150 


ata 150 500 1000 1500 


Positive Diaplaceaent 
Feeder 

Centrifugal Feeder 

Linear Pocket Feeder 

Screv Fr>eder 
teated 
Unheated 

Single Acting Piston 
Feeder 

Rotary Valve Piston 
Feeder 

Kinetic Extruder 
Feeder 

Standpipe Ball Conveyor 
Feeder 

Fluid Dynaaic Lock 
Feeder 

Cas-Solids Injector 
Feeder 



Lockhopper 
Slurry Puap 


+ - Coapatible feeder/process coabinations 

S - Incompatible feeder /process coabinations due to feeder's inability to 
provide required coal size consist 

P - Incompatible feeder/process combinations due to feeder's inability to 
feed to required pressure. 
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are the estiaatea of probability of auccesaful coaaercialiaation aaaualng 
continued development. 


Positive Displacement 

0.80 

Centrifugal 

0.65 

Linear Pocket 

0.80 

Screw 

0.90 

Single Acting Piston 

0.75 

Rotary Valve Piston 

0.75 

Kinetic Extruder 

0.65 

Standpipe-Ball Conveyor 

0.60 

Fluid Dynamic Lock 

0.65 

Gas-Solids Injector 

0.85 


Reliability analysis of the feeders were conducted by Kaman Sciences, Corp. 
The results of this analysis are summarized In Table 5. The rable shows 
pertinent failure rate and availability data, and the number of redundant 
systems required per gasifier to achieve 95Z availability. Note that the 
IRR screw feeder has the best reliability and that the FMR positive displace- 
ment pump has severe projected reliability problems due to its complexity 
and the large number of feeders required for a plant. It is important to 
note that the most significant contributors to most of the feed systems' 
unreliability were ancillary equipment. Therefore, feed system considera- 
tions should receive greater attention in the future development program. 
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Table 5. Sumnary of Feed-System Reliability ConsideratioTU 



PAGB 0 ^ 
O^WOtQBAunr 
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Table 6. Technlual Assessment Ranking 
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EVALUATION RESULTS 

The feed systems were ranked preliminarily based upon the technical 
factors: 

e development uncertainty 

• ability to meet requirements 

e reliability 

The ranking is shown in Table 6. The technical date, which was used to rank 
the feeders was clso incorporated in the cost analysis. The technical ranking 
was used to check the results of the cost analysis to assure that feeders 
selected on a cost basis included those with high technical ranking. 

Cost analyses formed the foundation for the initial selection of feed 
systems. Costs were provided by the three contractors and Independently by 
Icarus Corporation. The installed costs provided by the contractors and Icarus 
were in good agreement, typically within 35% of each other for each feeder. 

The evaluation reported here was based on the costs provided by the contrac- 
tors. Sensitivity analyses have established that the same feeder selection 
is obtained if the costs provided by Icarus are used. 

Capital, operations and maintenance costs were used to calculate life 
cycle costs fpr each feeder. These costs are shown in Tables 7-10 for vari- 
ous reacter pressures. 

Develops^ent costs were determined by assessment of the feeder develop- 
ment status. The assessment is summarized in Table 11 and the costs are sum- 
marized in Table 12. 

Using the capital, installation, operating and maintenance costs given 
in Tables 7-10, life cycle costs were calculated for each feed system. Cost 
savings, AC, for individual feeders and for feeder sets conq>ared with the 


Table ?• Cost ($1,000 1977 Dollars) Summary for Commercial Plant 
625 TPH Throughput 150 psi Pressure 



cylinders per bank and feeder. 



Table 8. Cost ($1,000 1977 Dollars) Summary for Commercial Plant 
625 TPH Throughput 500 psi Pressure 




Table 9. Cost ($1,000 1977 Dollars) Summary for Commercial Plant 
625 TPH Throughput 1000 psi Pressure 
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Table 10. Cost ($1,000 1977 Dollars) Summary for Commercial Plant 
625 TPH Throughput 1500 psi Pressure 



*Nuniber of cylinders per bank and feeder. 



; ( 1 1 


1 1 

11. 


1 1 

f 

X 


1 


1 

i 
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Table Jl. Coal Feeder Development Assessmei t 


Feeder 

Development 

Status 

Scale- 

ability 

— 

Machine 

Complexity* 

— 

Development 

Risk 

Ball Conveyor 

Bench Tests 

Poor 

C 

High 

Kinetic Extruder 

Proto in Test 

Poor 

S 

High 

Fluid Dynamic 
Lock 

Proto in Test 

Poor 

S 

High 

Ejector 

Proto in lest 

Cood 

S 

Low 

Centrifugal 

Proto in Test 

Poor 


High 

Positive 

Displacement 

Piston 

Proto in Test 

Good 

* 

Low 

Linear Pocket 
Feeder 

Proto being 
assembled 

Good 

c 

i 

Low 

Screw 

Proto/Pilot 
Sizes in Test 

Poor 

s 

Low 

Single Acting 
Piston 

Paper Concept 

Good 

A 

l.ow 

Rotary Piston 

Paper Concept 

Good 

A 

1 

Low 

*S - Simple 
A - Average 
C - Complex 


baseline lockhopper systems were determined. The following three parameters 
were then used to select the most promising feeders. 

ZAC -- The life cycle cost difference between the candidate feeder and 
the baseline (lockhopper) feeder su.amed over the process appli- 
cations. A maximum value of this parameter represents thfj 
objective of the plant developer who seeks to minimize costs. 
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Table 12. Estimate Feed SysteTi Development Costs 


Feed System 

Relative Development Costs (Million $) 

Phase III 

Phase IV 

Total^^^ 

Positive Displacement Feeder 

1.3 

3.3 

8.0 

Centrifugal Feeder 

0.6 

2.2 

2.3 

Linear Pocket Feeder 

0.5 

1.4 

1.6 

Screw Feeder 

1.5 

6.1 (heated) 

6.4 



5 -8 (unheated) 

6.1 

Single Acting Piston Feeder 

2.2 

8.7 

9.1 

Rotary Valve Piston Feeder 

1.6 

6.2 

6.5 

Kinetic Extruder 

1.4 

5.5 

5.8 

Standpipe Ball Conveyor 

4.0 

15.7 

16.5 

(2) 

Fluid Dynamic Lock Feeder 

4.2 

16.6 

17.6 

(2) 

Gas-Solids Injector 

1.4 

5.6 

i 

.. 1 

5.8 


^^^Constant dollars 

( 2 ) 

Staged systems 


L - Cost leverage = EAC/development costs. A maximum value of this 
parameter represents the goals of ERDA which seeks the maximum 
return for its development funding.' 

R - Realizability. The probability of successful commercialization. 
Figure 2 shows how these three parameters change with '-^creased develop- 
ment funding, and with different select/ of feeder sets- All combinations 


*Note that the values of L show relative differences between systems. The 
actual value of L may be 10-50 times the number shown depending on how many 
plants derive economic benefit from use of the new feeder/gasifier systems. 
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Figure 2, Feed System Selection Parameters 
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of feeder sets which could meet all process conditions were examined. 

Figure 2 shows the most promising combinations. The sets shown provide the 
best choice, i.e., they optimize one or all of the three decision parameters 
for the range in development costs. The figure illustrates the following: 

(1) The feeder set which maximizes L is the centrifugal (or kinetic 
extruder) and linear pocket feeder. This set also provides a 
high value for TAG. However, there would be a high risk that 
these feeders would not realize commercialization (low R) . 

(2) The rotary valve piston feeder is predicted to have a higher 
probability of commercialization than the combination of the 
centrifugal and linear pocket feeder, but its predicted high life 
cycle and development costs result in lower ZAC and L values. 
Actually, considering cost inaccuracies, the rotary piston and 
the set of centrifugal/linear pocket feeders probably have com- 
parable values for ZAC and L. 

(3) Because of the low values for R which would result if only one 
feeder or feeder set was developed, it is recommended that 
parallel developments be undertaken to increase the probability 
of feed system commercialization. Parallel development of feed 
systems will reduce the parameter L as shown in the figure, 
because development costs are increasing faster than correspond- 
ing increases in cost savings, ZAC. By combining the 
centrifugal/linear pocket and rotary piston feeders, increased 
realizability is achieved; but it is not until a third parallel 
development, the unheated screw, is added that an acceptably high 
value for R is achieved. 
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(4) The positive displacement feeder, if added to the above set, 
would only slightly increase the commercialization realizability, 
but would increase the development cost by about 30%. The addi- 
tional cost for little gain, coupled with the feeder's projected 
low reliability, leads to the recommendation that development of 
the positive displacement feeder be discontinued, or limited to 
testing of the present system and concentration on improving the 
system's reliability. 

(5) None of the other feeder systems offer any additional cost or 
realizability advantages over the four selected in (3) above. 
Additionally, none of the other feeders was determined to have 
advantages for specific applications or redeeming technical 
features which would recommend its selection. 

RECOMMENDED SYSTEMS 

As a result of the above analysis the following feed systems are 
recommended for further development: 

FMA centrifugal feeder or LMSC kinetic extruder 

FMA linear pocket feeder 

IRR rotary valve piston feeder 

IRR unheated screw feeder 

The recommended actions for each feeder and the bases for these recommenda- 
tions are summarized in Table 13 and detailed in the Coal Feed System 
Development Plan, JPL Report No. 5030-94. For all selected feeders the develop- 
ment uncertainty is Continued evaluation of the selected concepts is 

required and is reflected in the Development Plan. 
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This system should be .inalyzed for appHration ti> low pressure Hvatems. 
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The reliability assessment performance by Kaman Sciences pinpointed the 
ancillary equipments as the critical elements in regard to feed system reli- 
ability. Therefore, system aspects should receive greater attention in the 
continuing program. 

The process impact study conducted in conjunction with International 
Science and Technology revealed the potential sensitivity of the processes to 
feeder characteristics. These results emphasize the need to view the feeder 
as but one equipment of an integrated coal conversion plant. 

FUTURE FEED SYSTEM DEVELOPMENT 

The coal feed system development program has the objective to provide 
the coal conversion process plant designer several feeder options which could 
result in technical advantages and cost savings over conventional lockhopper 
and slurry pump systems. Basic to che feeder development are the program 
elements of strategy which include: 

(1) Maintaining open options - by continuing with parallel feeder 
development programs to increase the probability of successful 
development, and providing for the development of new concepts 
if they have advantages over other systems being developed. 

(2) Involve decision mak3rs - such as architect/engineering firms, 
utilities, and process developers in the pilot and demonstration 
phases, to assure that the feeders are tested against real 
process requirements and that the results will be rapidly dissemi- 
nated throughout the industry. 

(3) Component testing and resolution of comnon problems - by central- 
ized testing to avoid duplication of effort. 
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(4) Utilization of process pilot plants for testing to demonstrate 
process compatibility. The schedule of Figure 3 reveals that 
some of the pilot plant processes will have completed process 
demonstration and be available for component tests at the time 
pilot scale feeders become available for test. 

(5) Centralized demonstration test facility is suggested for duration 
testing of demonstration scale feeders. Plant designers will 
require such testing before they will coinnit to the incorporation 
of the feeders in demonstration or commercial plants. 

(6) Feeder integration into process demonstration plants is required 
as a commercialization step, yet their development schedule is 
lagging the demonstration plant schedule as shown in Figure 3. 
Late introduction of feeders into the demonstration plants, or 
introduction into second generation plants, should be considered* 

(7) Cost sharing by the contractors during the demonstration phase is 
recommended to stimulate contractor interest and introduce 
marketing considerations into the program. 

The feed system evaluation and the strategic elements provided the 
basis for the plan which is summarized in the schedule of Figure 4. Shown 
in the figure are schedules for the specific feeder developments and related 
support tasks. Key features of the program illustrated by the schedule aje 


the following: 


Component development of the centrifugal and kinetic extruder 
feeders is shown continuing in parallel until a better under- 
standing of the concept is obtained. Then a single pilot plant- 
scale effort is recommended. 
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LEGEND: A BEGIN ACTIVITY 

\y COMPLETE ACTIVITY 
w ACTIVITY TO BE DETERMINED 

Figure 4. Coal Feed Development Schedule 
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• Pilot*8cale development of the linear pocket feeder is 
recommended if prototype testing is successful. The development 
effort should concentrate on seal effectiveness and life, meter- 
ing of coal to the pockets, seal tube life and the effectiveness 
of the water lock or gas-water transfer subsystem. 

• Continued pilot scale testing of the screw feeder is recommended 
with emphasis on the unheated design. 

• Accelerated component testing of the rotary piston feeder is 
recommended, followed immediately by pilot-scale development (if 
component testing is successful) . This will permit completion of 
the pilot phase of the development on a schedule consistent with 
the other feed system developments. 

• It is the intent to reduce the number of feeders under develop- 
ment to a minimum set upon completion of the pilot scale phase of 
the program. Therefore, demonstration efforts for each of the 
feed systems are shown "to be determined" after the pilot phase. 

• The positive displacemert feeder is shown undergoing continued 
testing to obtain a better understanaing of the capabilities, 
projected costs and reliability. A decision to proceed into 
pilot scale development will be made when the capabilities of the 
centrifugal/kinetic extruder feeders are determined by the com- 
ponent tests. If the tests of these two feeders are successful, 
it will be recommended that the development of the positive dis- 
placement feeder, which is a backup system, be discontinued. 

• The ejector is shown subject to applications analysis prior to 
pilot scale development. Pilot plant development will only be 
recommended if special applications are ^ound. 
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Other feed eyetcae development %rlll be undertaken when promleing 
feeder concepta are identified. 

Feeder syatema development ia reconnended to be conducted in 
conjunction with the apeclfic feeder development efforta. 

Support taeka will be performed, aa required, to guide f^e 
development efforta. 

The need for a demonatratlon-acale feeder teat facility will be 
analyied. If the facility is needed, design and construction 


will follow. 


